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Preface

PREFACE

Microbiology is a dynamic science. It is constantly evolving as more information is
added to the continuum of knowledge, and as microbiological techniques are rapidly
being modified and refined. In this fourth edition of Microbiology: A Laboratory Manual,
we have continued to provide a blend of traditional methodologies with more contem-
porary procedures to meet the pedagogical needs of all students studying microbiology.
As in previous editions, this fourth edition contains a large number of diverse experi-
mental procedures, providing instructors with the flexibility to design a course syllabus
that meets their particular instructional approach. We have focused on the modifica-
tion, amplification, and clarification of background information as well as the experi-
mental procedures to facilitate student understanding and ease of performance of
microbiological procedures. In addition, the color-photo insert is expanded to enhance
student interpretation of their observed experimental data.

The structure of the manual remains essentially the same as in the earlier editions.
Comprehensive introductory material is given at the beginning of each major area of
study, and specific explanations and detailed directions precede each experiment. We
feel that this approach will augment, enhance, and reinforce course lectures, thereby
enabling students to more readily comprehend the concepts and purposes of each
experiment. This will be a further asset to those in institutions in which the laboratory
and lecture sections are not taught concurrently. Finally, we feel that this book should
reduce the time required for explanations at the beginning of each laboratory session
and thus make more time available for performing the experiments.

The wide variety of experiments were critically selected and tested to facilitate effec-
tive instruction in the basic principles and techniques in a variety of microbiological
areas. Thus, this laboratory manual provides a wide spectrum of exercises suitable for
use in elementary and advanced general microbiology courses as well as in allied health
programs. Also, we have carefully designed procedures so that the supplies, equipment,
and instrumentation commonly found in undergraduate institutions will suffice for
their successful execution.

The manual consists of 77 exercises arranged in 15 parts. The exercises have been
reorganized in this edition to progress from those that are basic and introductory,
requiring minimal manipulations, to those that are more complex, requiring more
sophisticated skills.

Part I, on basic laboratory techniques for isolation, cultivation, and cultural
characterization of microorganisms, introduces basic procedures used for isola-
tion and cultivation of microorganisms.

Part II, on microscopy, introduces the use and care of the microscope for the study
of microorganisms.

Part III, on bacterial staining, focuses on procedures for visualization and differ-
entiation of microorganisms and cell structures.

Part IV focuses on cultivation of microorganisms, nutritional and physical
requirements, and enumeration of microbial populations.



Part V, on biochemical activities, introduces the varied cellular enzymatic activi-
ties that may be used for differentiation and identification of specific groups of
microorganisms.

Parts VI, VII, and VIII introduce the areas of protozoology, mycology, and
virology.

Part IX, control of microbial growth, discusses the antimicrobial activities of var-
ious physical and chemical agents.

Parts X and XI are concerned with the sanitary aspects of water and food as well
as the fermentative role of microorganisms in the production of some beverages and
food products.

Part XII, on the microbiology of soil, discusses the role of soil microorganisms in
the nitrogen cycle and antibiotic production.

Part XIII, on bacterial genetics, presents selected experiments to illustrate genetic
principles using bacterial systems.

Parts XIV and XV, on medical microbiology and immunology, highlight both the
conventional and the more recent rapid clinical screening methodologies used for
the isolation and identification of pathogenic microorganisms.

The format of each exercise is intended to facilitate presentation of the material by
the instructor and to maximize the learning experience. To this end, each experiment is
designed as follows:

Purpose: Defines the specific principles and/or techniques to be mastered.

Principle: An in-depth discussion of the microbiological concept or technique and
the specific experimental procedure.

Materials: To facilitate the preparation of all laboratory sessions, a list of the fol-
lowing materials appears under this heading:

Cultures: These are the selected test organisms that have been chosen to demon-
strate effectively the experimental principle or technique under study, as well as
their ease of cultivation and maintenance in stock culture. A complete listing of
the experimental cultures and prepared slides is presented in Appendix 4.

Media: These are the specific media and their quantities per designated student
group. Appendix 1 lists the composition and method of preparation of all the
media used in this manual.

Reagents: These include biological stains as well as test reagents. The chemical
composition and preparation of the reagents is presented in Appendices 2 and 3.

Equipment: Listed under this heading are the supplies and instrumentation that
are needed during the laboratory session. The suggested equipment was selected
to minimize expense.

Procedure: Explicit instructions augmented by diagrams aid in the execution and
interpretation of the experiments.

Observations and Results: Tear-out sheets located at the end of each exercise facil-
itate interpretation of data and subsequent review by the instructor.

Review Questions: Questions on tear-out report sheets aid the instructor in deter-
mining the student’s ability to understand the experimental concepts and tech-

niques. Questions that call for more critical thinking are indicated by the symbol
shown to the left.

Finally, we hope that this manual will serve as a vehicle for the development of
manipulative skills and techniques essential for understanding the integrated complex-
ity of the biochemical structure and function of the single cell. This will enable an exten-
sion of these principles toward a better understanding of the more complex, higher
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forms of life. Ultimately, we hope that some students might further pursue the study of
life at the molecular level or apply these laboratory skills in the vocational fields of
applied microbiology and allied health.

James G. Cappuccino
Natalie Sherman
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i Laboratory Safety:
General Rules and Regulations

A rewarding laboratory experience demands strict adherence to prescribed rules for
! personal and environmental safety. The former reflects concern for your personal safety
in terms of avoiding laboratory accidents. The latter requires that you maintain a
scrupulously clean laboratory setting to prevent contamination of experimental proce-
dures by microorganisms from exogenous sources.

Because most microbiological laboratory procedures require the use of living organ-
| isms, an integral part of all laboratory sessions is the use of aseptic techniques.
( Although the virulence of microorganisms used in the academic laboratory environ-
ment has been greatly diminished because of their long-term maintenance on artificial
media, all microorganisms should be treated as potential pathogens (organisms
‘ capable of producing disease). Thus, microbiology students must develop aseptic tech-
1 niques (free of pathogenic organisms) in preparation for industrial and clinical mar-
ketplaces where manipulation of infectious organisms may be the norm rather than the
exception.

The following basic steps should be observed at all times to reduce the ever-present
microbial flora of the laboratory environment.

L 1. Upon entering the laboratory, place coats, books, and other paraphernalia in spec-
' ified locations—never on bench tops.

i 2. Keep doors and windows closed during the laboratory session to prevent contami-
nation from air currents.

} 3. At the beginning and termination of each laboratory session, wipe bench tops with
! a disinfectant solution provided by the instructor.

4. Do not place contaminated instruments, such as inoculating loops, needles, and
, pipettes, on bench tops. Loops and needles should be sterilized by incineration, and
' pipettes should be disposed of in designated receptacles.

5. On completion of the laboratory session, place all cultures and materials in the dis-
posal area as designated by the instructor.

6. Rapid and efficient manipulation of fungal cultures is required to prevent the dis-
) semination of their reproductive spores in the laboratory environment.

To prevent accidental injury and infection of yourself and others, observe the fol-
lowing regulations at all times:

1. Wash your hands with liquid detergent and dry them with paper towels upon enter-
ing and prior to leaving the laboratory.

Wear a paper cap or tie back long hair to minimize its exposure to open flames.

Wear a lab coat or apron while working in the laboratory to protect clothing from
contamination or accidental discoloration by staining solutions.

( 4. Closed shoes should be worn at all times in the laboratory setting.
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5. Never apply cosmetics or insert contact lenses in the laboratory.

6. Do not smoke, eat, or drink in the laboratory. These activities are absolutely

10.
11.

12

13.

prohibited.

. Carry cultures in a test-tube rack when moving around the laboratory. Likewise,

keep cultures in a test-tube rack on the bench tops when not in use. This serves a
dual purpose: to prevent accidents and to avoid contamination of yourself and the
environment.

. Never remove media, equipment, or especially, bacterial cultures from the labora-

tory. Doing so is absolutely prohibited.

. Immediately cover spilled cultures or broken culture tubes with paper towels and

then saturate them with disinfectant solution. After 15 minutes of reaction time,
remove the towels and dispose of them in a manner indicated by the instructor.

Report accidental cuts or burns to the instructor immediately.

Never pipette by mouth any broth cultures or chemical reagents. Doing so is strictly
prohibited. Pipetting is to be carried out with the aid of a mechanical pipetting
device.

Do not lick labels. Use only self-stick labels for the identification of experimental
cultures.

Speak quietly and avoid unnecessary movement around the laboratory to prevent
distractions that may cause accidents.

The specific precautions outlined below must be observed when handling body flu-

ids of unknown origin due to the possible imminent transmission of the HIV and hepati-
tis B viruses in these test specimens.

Disposable gloves must be worn during the manipulation of these test materials.

2. Immediate hand washing is required if contact with any of these fluids occurs and
also upon removal of the gloves.

3. Masks, safety goggles, and laboratory coats should be worn if an aerosol might be
formed or splattering of these fluids is likely to occur.

4. Spilled body fluids should be decontaminated with a 1:10 dilution of household
bleach, covered with paper toweling, and allowed to react for 10 minutes before
removal.

5. Test specimens and supplies in contact with these fluids must be placed into a con-
tainer of disinfectant prior to autoclaving.

I have read the above laboratory safety rules and regulations and agree to abide by
them.

Name Date
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Laboratory Protocol

STUDENT PREPARATION FOR LABORATORY SESSIONS

The efficient performance of laboratory exercises mandates that you attend each ses-
sion fully prepared to execute the required procedures. Read the assigned experimental
protocols to effectively plan and organize the related activities. This will allow you to
maximize use of laboratory time.

PREPARATION OF EXPERIMENTAL MATERIALS

Microscope Slides: Meticulously clean slides are essential for microscopic work.
Commercially precleaned slides should be used for each microscopic slide preparation.
However, wipe these slides with dry lens paper to remove dust and finger marks prior
to their use.

Labeling of Culture Vessels: Generally, microbiological experiments require the use
of a number of different test organisms and a variety of culture media. To ensure the
successful completion of experiments, organize all experimental cultures and sterile
media at the start of each experiment. Label culture vessels with non-water-soluble
glassware markers and/or self-stick labels prior to their inoculation. The labeling on
each of the experimental vessels should include the name of the test organism, the name
of the medium, the dilution of sample, if any, your name or initials, and the date. Place
labeling directly below the cap of the culture tube. When labeling Petri dish cul-
tures, only the name of the organism(s) should be written on the bottom of the plate,
close to its periphery, to prevent obscuring observation of the results. The additional
information for the indentification of the culture should be written on the cover of the
Petri dish.

INOCULATION PROCEDURES

Aseptic techniques for the transfer or isolation of microorganisms, using the necessary
transfer instruments, are described fully in the experiments in Part I of the manual.
Technical skill will be acquired through repetitive practice.

Inoculating Loops and Needles: It is imperative that you incinerate the entire wire to
ensure absolute sterilization. The shaft should also be briefly passed through the flame
to remove any dust or possible contaminants. To avoid killing the cells and splattering
the culture, cool the inoculating wire by tapping the inner surface of the culture tube
or the Petri dish cover prior to obtaining the inoculum.

When performing an aseptic transfer of microorganisms, a minute amount of
inoculum is required. If an agar culture is used, touch only a single area of growth with
the inoculating wire to obtain the inoculum. Never drag the loop or needle over the
entire surface, and take care not to dig into the solid medium. If a broth medium
is used, first tap the bottom of the tube against the palm of your hand to suspend the
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microorganisms. Caution: Do not tap the culture vigorously as this may cause spills or
excessive foaming of the culture, which may denature the proteins in the medium.

Pipettes: Use only sterile, disposable pipettes or glass pipettes sterilized in a canister.
The practice of pipetting by mouth has been discontinued to eliminate the possibil-
ity of auto-infection by the accidental imbibement of the culture or infectious body flu-
ids. Instead, a mechanical pipetting device is to be used to obtain and deliver the mate-
rial to be inoculated.

INCUBATION PROCEDURE

Microorganisms exhibit a wide temperature range for growth. However, for most used
in this manual, optimum growth occurs at 37°C over a period of 18 to 24 hours. Unless
otherwise indicated in specific exercises, incubate all cultures under the conditions
cited above. Place culture tubes in a rack for incubation. Petri dishes may be stacked;
however, they must always be incubated in an inverted position (top down) to pre-
vent water of condensation from dropping onto the surface of the culture medium. This
resultant excess moisture may then serve as a vehicle for the spread of the micro-
organisms on the surface of the culture medium, thereby producing confluent rather
than discrete microbial growth.

PROCEDURE FOR RECORDING OBSERVATIONS AND RESULTS

The accurate accumulation of experimental data is essential for the critical interpreta-
tion of the observations upon which the final results will be based. To achieve this end,
it is imperative that you complete all the preparatory readings that are necessary for
your understanding of the basic principles underlying each experiment. Meticulously
record all the observed data in the “Observations and Results” section of each experi-
ment.

In the exercises that require drawings to illustrate microbial morphology, it will be
advantageous to depict shapes, arrangements, and cellular structures enlarged to 5 to
10 times their actual microscopic size, as illustrated below. For this purpose a number
2 pencil is preferable. Stippling may be used to depict different aspects of cell structure,
e.g., endospores or differences in staining density.

aQ
y @Y

Poor drawing Good drawing

REVIEW QUESTIONS

The review questions are designed to evaluate understanding of the principles and the
interpretations of observations in each experiment. Completion of these questions will
also serve to reinforce many of the concepts that are discussed in the lectures. The des-
ignated critical-thinking questions are designed to stimulate further refinement of cog-
nitive skills.
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PROCEDURE FOR TERMINATION OF LABORATORY SESSIONS

1. All equipment, supplies, and chemical reagents are to be returned to their original
locations.

2. All capped test-tube cultures and closed Petri dishes are to be neatly placed in a des-
ignated collection area in the laboratory for subsequent autoclaving.

3. Contaminated materials, such as swabs, disposable pipettes, and paper towels, are
to be placed in a biohazard receptacle prior to autoclaving.

4. Hazardous biochemicals, such as potential carcinogens, are to be carefully placed
into a sealed container and stored in a fume hood prior to their disposal according
to the institutional policy.
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Contents

Xiv

Part |

Part i

Part lll

Part IV

Basic Laboratory Techniques for Isolation, Cultivation, and Cultural
Characterization of Microorganisms 1

Introduction 1
Experiment 1: Culture Transfer Techniques 7
Experiment 2: Techniques for Isolation of Pure Cultures 13
Part A: Isolation of Discrete Colonies from a Mixed Culture 13

Part B: Isolation of Pure Cultures from a Spread-Plate or Streak-Plate
Preparation 14

Experiment 3: Cultural Characteristics of Microorganisms 21

Microscopy 27

Introduction 27

Experiment 4: Microscopic Examination of Stained Cell Preparations 29
Experiment 5: Microscopic Examination of Living Bacterial Preparations 37
Experiment 6: The Microscopic Measurement of Microorganisms 41

Bacterial Staining 45

Introduction 45

Experiment 7: Simple Staining 51

Experiment 8: Negative Staining 55

Experiment 9: Gram Stain 59

Experiment 10: Acid-Fast Stain (Ziehl-Neelsen Method) 65
Experiment 11: Spore Stain (Schaeffer-Fulton Method) 71
Experiment 12: Capsule Stain 75

Cultivation of Microorganisms: Nutritional and Physical
Requirements, and Enumeration of Microbial Populations 79

Introduction 79

Experiment 13: Nutritional Requirements: Media for the Routine Cultivation of
Bacteria 83

Experiment 14: Use of Differential and Selective Media 89
Experiment 15: Physical Factors: Temperature 95
Experiment 16: Physical Factors: pH of the Extracellular Environment 99

CONTENTS



Experiment 17: Physical Factors: Atmospheric Oxygen Requirements 103
Experiment 18: Techniques for the Cultivation of Anaerobic Microorganisms 109
Experiment 19: Serial Dilution—-Agar Plate Procedure to Quantitate Viable Cells 115
Experiment 20: The Bacterial Growth Curve 121

Part V Biochemical Activities of Microorganisms 129

Introduction 129
Experiment 21: Extracellular Enzymatic Activities of Microorganisms 131
Experiment 22: Carbohydrate Fermentation 137
Experiment 23: Triple Sugar—Iron Agar Test 143
Experiment 24: IMViC Test 147
Part A: Indole Production Test 147
Part B: Methyl Red Test 148
Part C: Voges-Proskauer Test 149
Part D: Citrate Utilization Test 150
Experiment 25: Hydrogen Sulfide Test 157
Experiment 26: Urease Test 161
Experiment 27: Litmus Milk Reactions 165
Experiment 28: Nitrate Reduction Test 171
Experiment 29: Catalase Test 175
Experiment 30: Oxidase Test 179
Experiment 31: Genus Identification of Unknown Bacterial Cultures 183

Part VI The Protozoa 187

Introduction 187
Experiment 32: Free-Living Protozoa 189
Experiment 33: Parasitic Protozoa 193

Part VI The Fungi 199

Introduction 199

Experiment 34: Cultivation and Morphology of Molds 201
Experiment 35: Yeast Morphology 205

Experiment 36: Identification of Unknown Fungi 209

Part VI The Viruses 215
Introduction 215
Experiment 37: Cultivation and Enumeration of Bacteriophages 219
Experiment 38: Isolation of Coliphages from Raw Sewage 225
Experiment 39: Staphylococcal Phage Typing 231

Part IX  Physical and Chemical Agents for the Control of
Microbial Growth 235

Introduction 235
Experiment 40: Physical Agents of Control: Moist Heat 237
Experiment 41: Physical Agents of Control: Environmental Osmotic Pressure 245

CONTENTS



Part X

Part XI

Part Xll

Part Xl

Experiment 42: Physical Agents of Control: Electromagnetic Radiations 249

Experiment 43: Chemical Agents of Control: Chemotherapeutic Agents 253
Part A: The Kirby-Bauer Antimicrobial Susceptibility Test Procedure 254
Part B: Synergistic Effect of Drug Combinations 257

Experiment 44: Determination of Penicillin Activity in the Presence and Absence of
Penicillinase 263

Experiment 45: Chemical Agents of Control: Disinfectants and Antiseptics 267
Part A: Phenol Coefficient 271
Part B: Agar Plate-Sensitivity Method 272

Microbiology of Food 277

Introduction 277

Experiment 46: Methylene Blue Reductase Test 279

Experiment 47: Microbiological Analysis of Food Products: Bacterial Count 283
Experiment 48: Wine Production 287

Experiment 49: Sauerkraut Production 291

Microbiology of Water 295

Introduction 295
Experiment 50: Standard Qualitative Analysis of Water 297

Part A: Presumptive Test: Determination of the Most Probable Number of Coliform
Bacteria 297

Part B: Confirmed Test 299
Part C: Completed Test 300
Experiment 51: Quantitative Analysis of Water: Membrane Filter Method 303

Microbiology of Soil 309

Introduction 309
Experiment 52: Nitrogen Cycle 311
Part A: Ammonification 311
Part B: Nitrification 312
Part C: Denitrification 313
Part D: Nitrogen Fixation 314
Experiment 53: Microbial Populations in Soil: Enumeration 323

Experiment 54: Isolation of Antibiotic-Producing Microorganisms and Determination of
Antimicrobial Spectrum of Isolates 329

Part A: Isolation of Antibiotic-Producing Microorganisms 329
Part B: Determination of Antimicrobial Spectrum of Isolates 331

Experiment 55: |solation of Pseudomonas Species by Means of the Enrichment Culture
Technique 335

Bacterial Genetics 341

Introduction 341
Experiment 56: Enzyme Induction 343
Experiment 57: Bacterial Conjugation 347

CONTENTS



Part XIV

Part XV

CONTENTS

Experiment 58
Experiment 59

: Isolation of a Streptomycin-Resistant Mutant 353
: The Ames Test: A Bacterial Test System for Chemical

Carcinogenicity 357

Medical Mic

robiology 363

Introduction 363

Experiment 60
Caries 365

Experiment 61
Experiment 62
Experiment 63
Experiment 64

Experiment 65
Multitest M

Enterotube

: Microbial Flora of the Mouth: Determination of Susceptibility to Dental

: Normal Microbial Flora of the Throat and Skin 369

: Identification of Human Staphylococcal Pathogens 373
: Identification of Human Streptococcal Pathogens 381

: Identification of Streptococcus pneumoniae 387

: Identification of Enteric Microorganisms Using Computer-Assisted
icrosystems 391

Multitest System and Encise Il 392

API (Analytical Profile Index) System 393

Experiment 66
Experiment 67
Experiment 68
Experiment 69

: Isolation and Presumptive Identification of Campylobacter 401
: Microbiological Analysis of Urine Specimens 405

: Microbiological Analysis of Blood Specimens 411

: Species Identification of Unknown Bacterial Cultures 417

Immunology 425
Introduction 425

Experiment 70:
Experiment 71:
Experiment 72:
Experiment 73:
Experiment 74:
Experiment 75:
Experiment 76:
Experiment 77:

Procedures

Precipitin Reaction: The Ring Test 427

Precipitin Reaction: Immunodiffusion 431

Agglutination Reaction: The Febrile Antibody Test 437
Immunofluorescence 441

Latex Agglutination Test 445

Enzyme-Linked Immunoabsorbent Assay 449

Agglutination Reaction: Mono-Test for Infectious Mononucleosis 453

Sexually Transmitted Diseases: Rapid Immunodiagnostic
457

Part A: Rapid Plasma Reagin Test for Syphilis 457
Part B: Genital Herpes: Isolation and Identification of Herpes Simplex Virus 458
Part C: Detection of Sexually Transmitted Chlamydial Diseases 459

Appendix 1: M

icrobiological Media 463

Appendix 2: Biochemical Test Reagents 469

Appendix 3: St

aining Reagents 471

Appendix 4: Experimental Microorganisms 473

Index 475

XVii



